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I, the undersigned, being an officer duly authorised in accordance with Section 74(1) and (4) 
of the Deregulation & Contracting Out Act 1994; to sign and issue certificates on behalf of the 
Comptrollei -General, hereby certify thai annexed hereto is s true copy of the document? a^ 
originally filed in connection with the patent application identified therein. 



In accordance with the Patents (Companies Re-registration) Rules 1982, if a company named 
in this certificate and any accompanying documents has re-registered under the Companies Act 
1980 with the same name as that with which it was registered immediately before re- 
registration save for the substitution as, or inclusion as, the last part of the name of the words 
l^publj cJimTt ed cmtipanyJLor their equivalents in Welsh, references to the name of the company 
in this certificate and any accompanying documents shall be treated aTreferences to the name* 
with which it is so re-registered. 



In accordance with the rules, the words "public limited company " may be replaced by p.l.c, 
pic, P.L.C. or PLC. 



Re-registration under the Companies Act does not constitute a new legal entity but merely 
subjecisjhe company to certain additional company law rules. 




Signed 
Dated 



11 October 2000 



An Executive Agency of the Department of Trade and Industry 
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Warning 

After an application for a patent has been filed, the Comptroller of the Patent Office will, consider whether publication 
or communication of the invention should be prohibited or restricted under Section 22 of the Patents Act J 977. You 
will be informed if it is necessary to prohibit or restrict your invention in this way. Furthermore, if you live in the 
United Kingdom, Section 23 of the Patents Act 1977 stops you from applying for a patent abroad without first getting 
writteti permission from the Patent Office unless an application has been filed at least 6 weeks beforehand in the 
United Kingdom for a patent for the same invention and either no direction prohibiting publication or 
communication has been given, or any such direction has been revoked. 
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b) Write your answers in capital letters using black ink or you may type them. 

c) If there is not enough space for all the relevant details on any part of this form, please continue on a separate 
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e) Once you have filled in the form you must remember to sign and date it. 

f) For details of the fee and ways to pay please contact the Patent Office. 
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STRUCTURED SURFACTANT SYSTEMS 

The invention relates to a novel type of structured surfactant system. The novel system is 
especially suitable for suspending pearlising concentrates for incorporation into liquid 
formulations such as shampoos and toiletries to import a nacreous iridescence which is 
attractive to consumers, and can mask inhomogeneities in the formulations. 

Structured surfactant systems have the ability to suspend solid panicles indefinitely in a 
pourable liquid. While the system is ai rest it behaves line a solid gel holding the particles 
immobile, but the shear forces associated with pouring break the structure causing the 
suspension to flow like a mobile liquid. Known structured surfactant systems are either 
opaque interspersions of a surfactant mesophase with an aqueous phase or cloudy opalescent 
lamellar phases. 

Pearlisers typically comprise small, thin, transparent platelet crystals which can be suspended 
in a parallel configuration. When so suspended light falling on the crystals undergoes 
complex multiple reflections within the substrate similar to those which occur in a pearl and 
giving rise to similar optical interference effects. 

Natural pearls comprise alternate layers of calcium carbonate and protein. Artificial 
pearlisen include puanine'hypoxanthinf crystal* evlranec! frorr. fish scaler # nr.ict. variou* 
salts of lead, zinc, mercury and bismuth ^e.g. bismuth oxychlonde), titanium oxide and 
various fatty acid derivatives such as magnesium stearate, coconut monoethanolamide, 
ethylene glycol distearate and ethylene glycol monostearate. Fish scale extracts are too 
expensive and the inorganic pearlisers are either too toxic for general use in toiletries e.g. 
lead, mercury, or relatively, ineffective e.g. bismuth. The fatty acid derivatives are therefore 
now the most widely used pearlisers. In addition to the chemical nature and physical form of 
the pearliser the manner in which it is suspended has an important effect on it's visual impact. 
Difficulty is sometimes encountered obtaining the desired effect when incorporating 
pearlisers into aqueous formulations. 

Conventional fatty acid derived pearlisers are supplied as solids which are usually added to a 
heated formulation above their melting point and recrystallised in situ. The conditions of 
crystallisation and especially the amount and nature of the agitation applied must be carefully 



controlled in order to obtain an acceptable result. This makes it difficult to obtain consistent 
effects and renders solid pearlisers inconvenient to use. 

Attempts have been made to prepare liquid concentrates or suspensions which can be added 
directly to shampoo formulations without heating While more convenient for the user, such 
concentrates face the manufacturer with problems of obtaining a high and consistent pearl 
effect, similar to those which confront the user of conventional solid pearlisers. Difficulty is 
also- encountered in maintaining the particles in stable suspension and preventing 
sedimentation. 

We have-now disco.vered that certain surfactants having a high solubility parameter such a* 
alh\J erne; suipnaie> ai concentration* jusi belou those wmch normail) ci\e rise to hquic. 
crystal phases, e.g. typically 18 to 30% by weight, will form mobile, clear protolamellar L, 
phases in the presence of sufficiently high concentrations of electrolyte. These mobile phases 
are clear and optically isotropic and are typically less viscous than normal G-phases but have 
the capacity to form stable suspensions of solids such as pearlisers. 

The protolamellar phase is apparently unique in being clear and optically isotropic while 
exhibiting the-suspending-properties of a structured surfactant system. We believe that_ 
protolamellar phases comprise oblate (disc) micelles which can adopt a parallel lamellar-like 
orientation. They may typically be identified by placing them between crossed polarisers and 
applying stress, e.g. by tapping or shaking, when flashes are observed as the system 
transiently forms an anisotropic structure. 

When pearlisers are suspended in a proioiameliar phase the structure promotes tne parallel 
orientation of the pearlising crystals which maximises the pearlescent effect, even in the 
absence of agitation. The concentrates are readily pourable but do not generally tend to 
separate on standing, and can easily be added to shampoo formulations, without heating, to 
give high and consistent pearlising effects. 

The compositions are particularly useful because the preferred surfactant, alkyl ether 
sulphate, is the most commonly used ingredient of shampoo formulations on account of it's 
skin mildness and comparatively good foaming properties. Thus the concentrate can be 
included in shampoo formulations without introducing anything extraneous to the 
formulator's requirements. The optical clarity of the protolamellar phase permits the 
pearlescent effect to be clearly observed without being obscured by surfactant structures as 
occurs when any hitherto known structured surfactant is used. 



When alkyl ether sulphates or similar water soluble surfactants are dissolved in water at 
relatively low concentrations they form a clear micellar solution (LI phase) with the 
surfactant molecules arranged in spherical clusters (micelles). As the concentration is 
increased the micelles form rods (prolate micelles) of increasing leneth. and the viscosin 
increases. Further increases of concentration are accompanied by an anomalous fall in 
viscosity as the rods become aligned. The aligned rod micellar or protohexagonal system is 
optically clear, pourable and may exhibit a hexagonal symmetry when examined by small 
angle x-ray diffraction (SAX), giving a first order peak of momentum transfer vector Q„ and. 
if the system is sufficie ntly well def ined, one or more, progressively smaller, higher order 
peaks al Q values in the ratios: 

Q 3 = Qi; Q 3 = 2Q, 

These ratios are diagnostic of hexagonal symmetry. 

When the concentration is further increased the length of rods increases ind efinitelyand the 
1 - immobile M phase -is-iormed^This-is-typjcally observed af-cbncentrations of about-30% by 
weight surfactant. The M phase also shows SAX peaks in the ratios characteristic of 
hexagonal symmetry. It typically resembles a curdy or gelatinous solid or very viscous 
mucous like fluid. The normal lamellar, or G phase is typically formed when the 
concentration of the alkyl ether sulphate, is increased to about 55 to 60% by weight. It is a 
mobile, bsrefrinpen! liquid rrj na 1 wjth shee« cVpe-dfr 1 * -Vrcj^ lame]}?. 1 fymmel-*', 
revealed by SAX peaks with the characteristic ratios Q 2 = 2Q„ ; Q 3 » 3Q,. The peakt, 
indicate structure with a repeat spacing (d « ) of about 3 to 5 nm. Although the normal G- 
phase has a yield point and is relatively mobile compared with the M-phase it is not generally 
suitable for use as a suspending medium for solids, since the presence of appreciable amounts 
ofsiispended solidTenders it unpourable. The high surfactant concentration is a further 
disadvantage. 

However, when sufficient electrolyte is added to a micellar or protohexagonal solution of 
=raikyi^M^er=sul^hate-4Kere appears to be a change from prolate to oblate micelles and 
corresponding smit from hexagonal to lamellar symmetry with a d spacing typically in the 
range 6 to 15 nm. Such phases are able to suspend solids and remain readily pourable. 



Our invention therefore provides a suspension of solid particles in an aqueous surfactant, 
wherein said surfactant is in a protolamellar phase. In a preferred embodiment the suspended 
particles comprise particles of apearliser. 

The surfactant i« preferably ?. C, 0 „ alkyl or alkenyl ) to 20 mole ethow sulphate morf 
usually a C, 2 . u alkyl ethoxy sulphate and preferable an alkyl 2 to 10 mole ethoxy sulphate. 
Alternatively the ether sulphate may be a mixed propoxy ethoxy sulphate or alkyl glyceryl or 
alkyl glyceryl polyethoxy sulphate. The cation of the alkyl ether sulphate is preferably 
sodium but may be potassium, lithium, ammonium, or an amine such as an alkanolamine. 

~ The sUrfattant may "coWpnse minor" amo'unt? of other surJactant. especially anionic, non-ionir- 
or amphoteric suriactants. to\ example alkyj sulphates, alkyl benzene sulphonates, parafnn 
sulphonates, olefin sulphonates, alkyl sulpho-succinates, soaps, taurides, isethionates, alkyl 
ethoxylates, fatty acid ethoxylates, alkyl glyceryl ethoxylates, alkyl carbohydrate ethoxylates. 
anine oxides or betaines. However it is generally preferred to use essentially only alkyl ether 
sulphate. 

The electrolyte is preferably sodium chloride, but could be, for example, sodium carbonate, 
•' sodittm citrafefsodium^tripoiyphosphate, ; sodium hydroxide or any other saft or baSe which 
tends to salt alkyl ether sulphates out of solution. The cation of the electrolyte may be 
sodium, potassium lithium, ammonium or, less preferably, an amine such as alkanolamine or 
a mixture of any of the foregoing. 

Th. rhno rf flfCmlyu- anc r.f anvil*?.-} s^ftrr/"' ; • v h crririii 'cr^r b vha 
ingredients the formulator, to whom the concentrate is to be supplied, wishes to include in the 
end formulations, or can tolerate. 

Generally the surfactant is used in a total concentration which, in the absence of electrolyte, 
would correspond to a clear L, phase or protohexagonal phase. Typically the electrolyte-free 
surfactant/water system would be unstructured or would exhibit hexagonal symmetry under 
SAX. The concentrations required vary with different surfactants but are generally in the 
range 18 to 35% based on the total weight of surfactant and water, more usually 20 to 32% 
e.g. 25 to 30%. 

The amount of electrolyte is sufficient to convert the ether sulphate/water mixture from an 
optically isotropic, clear, L, phase or a protohexagonal phase exhibiting hexagonal symmetry 
to a clear, protolamellar phase, typically exhibiting lamellar symmetry, under SAX. The 



amount required will depend on the nature and concentration of the surfactant. Typically ii 
will be between 5 and 25% based on the total weight of surfactant, electrolyte and water, 
more usually 6 to 20% e.g. 8 to 1 8%. 

Thf pearliser ma) be am of those previous!) discussed herein includinf naiur?.: pear.' and 
inorganic pearlisers but is preferably a fatty acid derivative especially a mixture of ethylene 
glycol distearate and ethylene glycol monostearate. 

The pearliser may be dispersed in the aqueous structure surfactant system e.g. by gently 
stirring, but in the case of the fatty acid derivatives are preferably prepared in situ by heating 
above then meitinp point, e r temperatures between 6: and S0°C. dispersing the* hemic 
pearliser in the structured surfactant system, preferably with sufficient stirring to lorm 
droplets of from 0.5 to 20 microns, e.g. 1 to 10 microns, and cooling to ambient temperature. 
Preferably cooling is relatively slow e.g. the mixture is allowed to cool naturally. The 
amount of pearliser can be varied considerably, the main constraint on the upper limit being 
the viscosity. 

The amount of pearliser should not be so high as to render the product unpourable. or 
unacceptably viscous. We prefer on economic grounds that the pearliser is present" in" 
amounts greater than suspending surfactant. Generally pearliser may be present in amounts 
ranging from 5% up to about 50% e.g. 10 to 45% of the total weight of the mixture. 

Ancillary ingredients suitable for inclusion in toiletries could in principle be included, but are 

Juh] ; omrnec w -^,c »:r.cuj rrr.^nrj::::*, ;hr c,:s;nr< m :^\i : . • :*efcr;v • j 

formulate. However, it is generally desirable to include small amounts of preservative, such 
as formaldehyde or other microbiocidally and/or fungicidally active material. 

The novel structured, protolamellar phase may be used to suspend solids other than pearliser, 
e.g. builders such as zeolite or phosphate for use in detergent. They may also suspend 
bentonite or calcite. They may suspend rock cuttings and/or weighting agents for use a 
drilling muds. They can suspend agricultural pesticides or dyes or pigments, dicalcium 
phosphate for use in toothpaste or ammonium polyphosphate for fire retardants. 
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The invention is illustrated by the following examples:- 

WT% 

Sodium C l2 . u alkyl 2-mole ethoxysulphate 2 1 .00 

Ethylene glycol distearate (pearliser) 20.00 

boaium Chloride 4% 

Water balance 



The alkyl ether sulphate, as a 70% by weight active G-phase, was diluted with the required 
amount of water and the sodium chloride was dissolved to provide a clear, homogeneous, 
-•pourableropticatiy isoiroprc. lrqurd pjraser^The composition whenviewed through a 
polarising microscope appeared unilormJy dark. Howevei, when the covei slip was genth 
tapped, bright flashes of light were observed, indicating the presence of a protolamellar 
phase. 



The composition was heated to 80°C and the pearliser was melted and added to the 
composition with vigorous stirring. The composition was allowed to cool while gentle 
agitation was maintained. A stable suspension with an intense pearly appearance of 
^x^ti6narquality"-wa^ oRSuftcF - snnrrr^ r i-r^r- .. 

Tfie coniposltion was reheated to 80°C to melt the pearliser and allowed to cool without 
further agitation. A stable, high quality pearl effect was obtained. This illustrates the fact 
that conditions of stirring and cooling and are not critical in order to obtain a good pearlising 
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